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biomass) in many areas of the ocean. Such knowledge is critical because
primary production in the ocean acts as a "biological pump" to move carbon
dioxide from the ocean surface layer, where it exchanges with the atmo-
sphere, to the deep ocean. Future scenarios for greenhouse warming are
impossible to evaluate until we understand how this "biological pump" op-
erates. The oceanic absorption of fossil fuel CO2 is difficult to observe and
understand due to the large and variable background of the natural carbon
cycle (Tans et al., 1990), which is itself subject to climatic perturbation.

Primary production in the ocean is controlled by major nutrients, such
as nitrate and phosphate, but also by certain trace metals. Dissolved iron
was hypothesized (over 50 years ago) to be a key nutrient limiting primary
production rates in the sea. However, credible data for the concentration of
dissolved iron in seawater have only become available in the last 8 years.
Iron is present in surface seawater at concentrations less than 0.5 nanomole
per kilogram. These low concentrations of dissolved iron suggest that it is,
in fact, a nutrient that can limit primary production in the ocean (Martin et
al., 1989). The role of iron in limiting productivity of the ocean can be
resolved only when measurements of dissolved iron at concentrations below
1 nanomole per kilogram become routine. There is evidence that other trace
metals could also control phytoplankton growth.

Chemical analyses of seawater present unique difficulties. These prob-
lems are not limited to iron. In fact, with the exception of the major ions
(Na+, K+, Mg2+, Ca2+, Cl', SO42~, HCOf) found in seawater, most other
elements are present at trace concentrations (Figure 1). The biologically
limiting compounds are almost exclusively present at concentrations less
than a few micromoles per kilogram seawater, posing significant challenges
to their measurement. Their concentrations must be determined in the pres-
ence of more than 1 million-fold excess of major ions. Trace metal mea-
surements typically require the sample to be concentrated greatly before
analysis by even the most sensitive techniques. Contamination from ships
and sample containers is a ubiquitous problem, and extreme care must be
taken to protect sample integrity. Determination of the chemical speciation
of elements at these concentrations is even more difficult. For example,
copper, which is present in surface seawater at concentrations of less than 1
nanomole per kilogram, is bound by an unidentified ligand with a high
specificity for the metal (Coale and Bruland, 1988). This ligand is present
at concentrations on the order of 1 nanomole per kilogram and appears to
regulate the free copper activity.

The interest in coordinated international studies of the global environ-
ment has increased since it has become apparent that humankind is affecting
the composition of the atmosphere and ocean on a global scale. One pro-
posal that has been accepted by the International Oceanographic Commis-
sion is for a global ocean observing system (GOOS). GOOS, as presently